INTRODUCTION
Osteoarthritis is the most frequently encountered rheumatological disease of the musculoskeletal system 1) , and the knee joint is one of the commonly affected joints 2) .
The aim of the osteoarthritis treatment is relief of pain, facilitation of joint mobility, and reduction of disability. In "EULAR 2003 recommendations", combined use of pharmacological and nonpharmacological therapeutical agents is suggested as the first line in the optimal treatment of knee osteoarthritis 1) . Oral administration of NSAID carries a risk of adverse side-effects. In studies designed with topical NSAID application, it was reported that the reliability of topical NSAID agents is high and the main adverse effect is skin reaction 3) .
Phonophoresis is the name of the method which intensifies the delivery of a topical agent into u n d e r l y i n g t i s s u e s b y u l t r a s o u n d 4 -6 ) . Phonophoresis has been reported to have been used with topical application of steroids, salicylate, anesthetic agents, methly nicotinate, NSAID, amphotericin B etc 6, 7) . It is one of the many modalities for the treatment of musculoskeletal disorders such as tendinitis, tenosinovitis, temporomandibular disorders, epicondilitis and knee osteoarthritis [8] [9] [10] . In the literature, there are reports on the effect of phonophoresis with different types of ultrasound, either pulsed or continuous, on drug delivery into underlying tissues 6, 11) . However, we could not find a study that compared the clinical outcomes of these two ultrasound modalities.
This study was designed to find out answers to 2 questions: does phonophoresis enhance the e f f e c t i v e n e s s o f d i c l o f e n a c g e l i n k n e e osteoarthritis, and is there any difference of effect between continuous and pulsed application of ultrasound in diclofenac gel phonophoresis?
SUBJECTS AND METHODS
The subjects were 80 volunteers, who applied to the outpatient clinic of the Department of Physical Medicine and Rehabilitation, who had been diagnosed as having knee osteoarthritis with respect to ACR criteria between December 2007 and March 2008. The design of the study was approved by the ethical committee of the Pamukkale University. All the participants were informed about the purpose, content and the protocol of the study. The subjects were selected after applying the following exclusion criteria: the existence of any surgical intervention of the lower extremity; skin lesion at the site of application; diclofenac allergy; coordination difficulty; existence of central/peripheral nervous system disorders; existence of hematological, oncological or severe cardiac diseases; or application of intra-articular injection or physical therapeutical agents within the last 1 year. Age, sex and the presence of any systemic disorders were determined by questioning and the body mass index was calculated. In addition to the medical examination, patients were screened by blood tests, (blood count, ESR, CRP, RF, liver function tests, kidney function tests) and with X-ray findings according to the Kellgren-Lawrence Osteoarthritis Index.
This investigation was designed as a prospective, controlled and double-blinded clinical study. Patients were randomly assigned to one of 4 groups. The first group of patients received diclofenac gel phonophoresis with a continuous type of ultrasound at 1 MHz frequency and 1.5 watt/cm 2 intensity. The second group of patients received diclofenac gel phonophoresis with pulsed ultrasound of 1.5 watt/ cm 2 intensity and 20% duty cycle. The third group received diclofenac gel with sham ultrasound, and the fourth group, the placebo group, received acoustic gel without any medication applied with sham ultrasound. A Chattonooga Group, Model 2 7 3 3 5 u l t r a s o u n d s y s t e m w a s u s e d f o r phonophoresis. All the ultrasound applications were made with a probe of 5 cm 2 over 10 cm 2 skin area on both the medial and lateral aspects of the knee.The duration of the phonophoresis was 5 min per day for 10 days. Both diclofenac and acoustic gels were purchased by our institute and the gel tubes were covered. Sessions were arranged on a non-overlapping timetable so that different groups of patients were not able to see each other. Investigators and patients were blinded to the study.
In addition, a home based exercise program i n c l u d i n g a r a n g e o f m o t i o n , q u a d r i c e p s strengthening and hamstring stretching was taught and prescribed as 3 sets a day, with 10 repetitions in each set. All patients were allowed to use paracetamol in case of absolute need. Patients were evaluated with VAS pain at rest and VAS pain in activity, the Western Ontario and McMaster Universities (WOMAC) Osteoarthritis Index, range of knee motion and 20 m walking time, three times: before the treatment, after the treatment and 1 month after the treatment.
The SPSS 10.0 statistical program was used for data analysis. Wilcoxon's test was used for intragroup comparison of parameters at different times, and Kruskall Wallis variance analysis and ANOVA with the post hoc Bonferroni correction were used for inter-group comparisons. p<0.05 was accepted as significant.
RESULTS
There were no statistically significant differences in the distributions of age, sex, BMI (body mass index) and radiological grade of knee osteoarthritis among the groups (p>0.05). The demographic parameters are given in Table 1 . The measurements before the treatment, at the end of the treatment and 1 month after the treatment for each group are given in Table 2 .
We found statistically significant improvements in VAS pain at rest, VAS pain in activity, WOMAC pain and physical function scores for all groups at post treatment and 1 month after the treatment compared to pre-treatment values (p<0.05). Continuous and pulsed ultrasound phonophoresis groups were also found to have significantly improved degree of knee flexion, 20 m walking time in addition to the above parameters, compared to both controls after the treatment. Sham ultrasound with diclofenac gel was found to be ineffective for degree of knee flexion at posttreatment and one month after treatment and 20 m walking time was found to be unchanged at one month after the treatment compared to the pretreatment state. However, this group showed significant improvements in the other parameters.
Sham ultrasound with acoustic gel did not affect 20 m walking time, degree of knee flexion and WOMAC stiffness scores at post-treatment and one month after the treatment, but this group showed improvements in the other parameters.
There was no significant difference in any parameter between the pulsed phonophoresis group and the continuous phonophoresis group. Both modalities of phonophoresis had significantly beter values for VAS pain at rest and VAS pain in activity, WOMAC pain and functional status indices compared to the diclofenac gel and placebo groups. The pulsed phonophoresis group had significantly better WOMAC stiffness scores than the diclofenac and placebo groups. Although the continuous phonophoresis group had better WOMAC stiffness scores than the diclofenac and placebo groups, the difference was not statistically significant. For all groups, the 20 m walking time and degree of knee flexion were not significantly different between pre-and all post-treatment evaluations.
DISCUSSION
In this study, the clinical efficacy of diclofenac gel by either continuous or pulsed phonophoresis was compared with topical application of diclofenac gel using patients with knee osteoarthritis. Both continuous and pulsed diclofenac phonophoresis treatments were demonstrated to be significantly more effective for VAS pain at rest, VAS pain in activity, WOMAC pain and physical function scores than topical diclofenac gel and the placebo, and the effectiveness of pulsed phonophoresis and continuous phonophoresis treatments were similar.
In a study by Niethard et al. 1 2) , a 3-week application of topical diclofenac diethylamine (1.16%) gel had better impact on pain at rest and pain in activity and resulted in significantly better scores in WOMAC pain, stiffness and physical function indices than placebo in 237 patients with knee osteoarthritis. In another study, application of topical diclofenac solution, a control solution which contained dimethyl sulfoxide (DMSO) as a carrier media but no diclofenac, and a placebo solution were used as treatments for 248 patients with knee osteoarthritis. The topical diclofenac solution was found to be significantly more effective than the other applications for the WOMAC pain, stiffness and physical function indices, and pain during activity as well as global patient assessment 13) . In a similar study by Baer et al. 14) , patients with knee osteoarthritis were treated with topical diclofenac solution. Statistically significant improvements in WOMAC pain, stiffness and physical function, and patient global assessment scores were seen compared to a group treated with placebo. Contrary to the studies cited above, in our study, the patients who received topical application of diclofenac gel did not show any significant improvement compared to the placebo group in VAS pain at rest and VAS pain in activity, WOMAC pain, stiffness and physical function scores. This may be due to the fact that topical diclofenac was applied once a day and over a shorter period than in the other studies.
Cagnie et al. 11) studied 26 patients with knee osteoarthritis who required arthroscopy, assigning them to 3 groups. In the first group, phonophoresis of ketoprofen gel was applied with continuous ultrasound (1.5 W/cm 2 ) for 5 min; in the second group the same treatment was given but with pulsed ultrasound with 20% duty cycle, and in the last group ketoprofen gel was applied with sham ultrasound. Biopsies of synovial tisssue taken after completion of the therapy demonstrated a higher ketoprofen level in synovial tissue in the groups which received the medication either by continuous or pulsed ultrasound phonophoresis than in the group which received ketoprofen gel with sham ultrasound. Additionally, concentration of ketoprofen in the synovial tissue was found to be higher in the pulsed ultrasound group than in the continuous ultrasound phonophoresis group but the result was not statistically significant. It has been reported that both the thermal and mechanical properties of ultrasound may play a role in vibrating the cells at high speed and changing the resting potential of the cell membrane by cavitation to enhance the diffusion of ketoprofen. We found in our study that topical application of diclofenac gel with phonophoresis increased the efficacy of the medication. However, application of diclofenac gel with pulsed ultrasound phonophoresis was not found to be any more effective than continuous ultrasound phonophoresis.
Serikov et al. 15) applied 5% ibuprofen gel with phonophoresis twice a day and a 3rd dose of the same medicine topically to 20 patients with osteoarthritis. The control group, which was composed of 19 subjects, received only 5% ibuprofen gel topically. A statistically insignificant reduction of pain at rest, pain in walking and pain in palpation was recorded at the end of the study. Similar to our findings, the results of Serikov's study support the effectiveness of topical NSAID gel application with ultrasound. Shin et al. 16) designed a randomized double blinded study to compare the effectiveness of 1% indomethacin and placebo gel phonophoresis using 20 patients with temporomandibular joint pain. They detected a significant reduction in pain with pressure and VAS pain scores in the group that received 1% indomethacin gel phonophoresis. In another study, 0.8 w/cm 2 pulsed ketoprofen phonophoresis was administered to patients with lateral/medial epicondyle enthesopathies for 10 days and it was found to be more effective than the application of pulsed ultrasound alone by means of subjective and objective measures 8) . In a study designed to detect the effectiveness of phonophoresis using 64 patients with shoulder pain, diclofenac phonophoresis was found to show better results in terms of pain at rest and activity 17) . Contrary to the articles cited above, one study has proposed that the improvements seen after phonophoresis are similar to those achieved with ultrasound alone in terms of pain and physical function for patients with knee osteoarthritis 18) . Our study differs from previous studies in that it is the first to show that phonophoresis enhances the effectiveness of topical diclofenac gel application and it is also the first study to compare the clinical effects of pulsed and continuous phonophoresis with eac h othe r u sing p atie nts with kne e osteoarthritis.
A limitation of our study is that we did not use ultrasound treatment alone. If this treatment had been included, it would also have been possible to demonstrate the effect of ultrasound alone, without any topical NSAID gel. W e d e m o n s t r a t e d t h a t d i c l o f e n a c g e l phonophoresis by either continuous or pulsed ultrasound is effective for pain and functional status of patients with knee osteoarthritis and is significantly more effective than topical diclofenac gel application. In addition, the effectiveness of b o t h c o n t i n u o u s a n d p u l s e d u l t r a s o u n d phonophoresis on VAS pain in activity, VAS pain in rest, WOMAC pain, stiffness and physical function scores was similar.
